Purpose : To investigate the effects of follicle number and size at the time of hCG administration, and ovarian stimulation length on the outcome of in vitro fertilization and pregnancy rate. Methods : During the ovarian stimulation regimen, the follicular number and size were determined by transvaginal ultrasonographic examination. Ovulation was induced as early as three or more follicles were at least 16 mm in their greatest diameter. Results : The fertilization rates were significantly increased with the longer length of stimulation (10-12 days: 75.4% and 13-16 days: 83.2%). However, no significant differences in the chemical pregnancy, clinical pregnancy, and implantation rates were found between 10-12 days (53.7%, 43.9%, and 21.8%) and 13-16 days (50.0%, 43.8%, and 23.4%) of stimulation. There were no significant differences in fertilization and chemical pregnancy rates between two groups with ≥ and <18 follicles in the ovaries on the day of hCG (human chorionic gonadotrophin) administration. However, the clinical pregnancy and implantation rates (47.2% and 26.0%) in the group with <18 follicles were significantly higher than those (33.3% and 15.5%) in the group with ≥18 follicles, respectively. Conclusions : Excessive and rapid ovarian stimulation appears to decrease the survival of embryos at later stages after transfer. The advantage of prolonged stimulation may outweigh the potential adverse effects in some patients.
INTRODUCTION
In the majority of in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) cycles, follicular size and estrogen level are commonly used as indicators of oocyte maturity (1, 2) . The ovarian stimulation with gonadotropin may be prolonged in some patients who have a suboptimal response until 1 
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an acceptable cohort of oocytes reaches a follicular size consistent with oocyte maturity. It is expected that the majority of developed follicles contain a competent and mature oocyte at the time of oocyte retrieval. However, different sizes of follicles are generally observed and most of the follicles need to be aspirated. The criteria used to determine adequate follicular development for oocyte retrieval differs from program to program. The duration of stimulation also varies among patients. Several studies have investigated the effect of the duration of gonadotropin exposure on oocyte quality, but results are controversial. It has been reported that delaying hCG administration decreases fertilization (3) and pregnancy rates (4, 5) . In contrast, authors found that 24-48 h delay of hCG administration does not impair oocyte recovery, fertilization, or pregnancy outcomes in a randomized study (6) (7) (8) .
The purpose of this study was to investigate the effect of duration of ovarian stimulation with gonadotropin on the outcome of in vitro fertilization and pregnancy rate, and to examine the relationship of follicle number and size at the time of hCG administration to the subsequent development of the obtained oocytes.
MATERIALS AND METHODS

Patients and Stimulation
This was a prospective, controlled study, which was approved by the local ethics review committee. Data were obtained from 60 patients undergoing IVF (38 cases) and ICSI (22 cases) at the Conceptia Reproductive Clinic at Moncton, New Brunswick, Canada during a 2-year period from December 2000 to December 2002. The patients, ranged in age from 28 to 42 years, were referred to our clinic with a history of more than 2 years infertility. Patients had the following primary etiologies for their infertility: Male factor, tubal factor, unexplained, endometriosis, anovulatory and the polycystic ovary syndrome. Ovarian stimulation was performed with a GnRH analog (SUPREFACT, Berry Technologies Inc.) downregulation utilizing our long, short, or micro-flare protocols with recombinant FSH (Gonal F, Serono) and LH (Luvesis, Serono) or human menopausal gonadotrophin (Pergonal, Serono). The proportions of cycles that used long, short, and micro-flare protocol were around 70%, 15%, and 15%, respectively. Dose adjusted according to patient's age, body mass index, and previous response to ovarian stimulation (range between 100 and 500 IU). Stimulations were monitored by measurement of serum LH, FSH, hCG, Estradiol, and progesterone level. During the stimulation procedure, dose was also adjusted according to hormone level and follicular response.
Examination of Follicular Development and Ovulation Induction
During the ovarian stimulation regimen, the patients underwent transvaginal ultrasonographic evaluation of endometrial thickness and measurement of follicular number and size, starting on the morning of day 6 of stimulation. Ultrasound measurements were performed by freezing the image when the follicle appeared maximal and two dimensions perpendicular to each other were measured, the average follicular diameter was then calculated. Ovulation was induced with recombinant hCG (Profesi, Serono) when three or more follicles were at least 16 mm in their greatest diameter, as long as serum progesterone remained in a follicular phase range. In this study, the proportion of different size of follicles, rate of fertilization, and rates of chemical and clinical pregnancy were compared between two groups with ≥ and <18 follicles in the ovaries on the day of hCG administration. The rates of oocyte maturation and fertilization, and rates of chemical and clinical pregnancy were compared between 10-12 days and 13-16 days of stimulation.
Oocyte Retrieval and Classification
All oocyte retrievals were done by transvaginal aspiration under ultrasound guidance 36-37 h after hCG administration. The medium used for flushing the follicles is modified human tubal fluid (Irvine Scientific, Irvine, CA) (mHTF). The retrieved oocytes were classified as follows into four categories. 
IVF and ICSI
After retrieval, oocytes were rapidly isolated from follicular fluid, rinsed, and placed in IVF-20 medium (Scandinavian IVF, Sweden). Oocytes were inseminated 3-5 h later either by classical IVF with a mean concentration of 200 000 motile spermatozoa Note. Values with different letters (on the baseline) in the same column are significantly different (p < 0.05).
per mL or by ICSI. Spermatozoa for IVF and ICSI were prepared with the swim-up technique and density gradient centrifugation method according to our standard protocols, respectively. For ICSI cases, cumulus cells were first removed by hyaluronidase (Sigma) and mechanical treatments. ICSI was performed as described by Palermo et al. (9) . Single motile spermatozoon of the best available morphologic appearance was injected into each mature oocyte. Care was taken to inject as little extra media volume (2 to 3 pL) as possible.
Embryo Culture and Classification
The occurrence of fertilization was determined 16-19 h after insemination. Oocytes with two pronuclei were individually placed in 20 µL droplets of G1.2 medium (Scandinavian IVF, Sweden) under Ovoil for culture. Incubation was performed at 37
• C, in a humidified atmosphere containing 5% CO 2 for 48 h. Transfer was performed approximately 72 h after oocyte retrieval. One to three of the best embryos were replaced at the 6-10 cell stage. The chemical pregnancies were defined as a positive pregnancy test result on luteal day 16 with a rising titer confirmed by a second hCG measurement. The clinical pregnancies were diagnosed by ultrasonographic evidence of embryonic heart activity.
Statistical Analysis
Statistical analysis was performed using T-Test for Equality of Means and Binomial Distribution Test when appropriate. Data are presented as means ± SEM.
RESULTS
General Results
In total of 60 cases (38 IVF; 22 ICSI), 678 oocytes were obtained from 942 follicles, including 528 large follicles (≥16 mm), 256 medium follicles (11-15 mm), and 158 small follicles (≤10 mm). The recovery rate was 72.0% (678/942).
Effect of Follicle Number and Size. The distribution of different sizes of follicles in two groups is shown in Table I . The proportion of large follicles in the group with <18 follicles in the ovaries on the day of hCG administration are significantly higher than that in the group with ≥18 follicles in the ovaries on the day of hCG administration, while the proportions of small follicles in the group with <18 follicles in the ovaries on the day of hCG administration are significantly lower than that in the group with ≥18 follicles in the ovaries on the day of hCG administration.
As shown in Table II , the fertilization rates were not significantly different between the two groups. Moreover, the chemical pregnancy rates after transfer were also not significantly different between the two groups. However, the clinical pregnancy and implantation rates (47.2% and 26.0%) in the group with <18 follicles in the ovaries on the day of hCG administration were significantly higher than those (33.3% and 15.5%) in the group with ≥18 follicles in the ovaries on the day of hCG administration, respectively.
Effect of Ovarian Stimulation Length. As indicated in Table III , there were no significant differences in the proportion of GV oocytes to total oocytes among the different durations of stimulation. However, the proportion of MI oocytes was significantly decreased with the longer length of stimulation (10-12 days: 6.6% and 13-16 days: 1.4%). The proportion of MII oocytes (the optimal level of maturity) in 10-12 days of stimulation (81.5%) was significantly greater than those in 13-16 days (65.0%) of stimulation, whereas the proportion of PM oocytes was significantly greater for the group of 13-16 day stimulation (23.8%). Table IV shows that the fertilization rates were significantly increased with the longer length of stimulation (10-12 days: 75.4% and 13-16 days: 83.2%). However, there were no significant differences in chemical pregnancy, clinical pregnancy, and implantation rates between 10-12 and 13-16 days of stimulation.
DISCUSSION
Our results demonstrate that high numbers of follicles (≥18 follicles) in the ovaries on the day of hCG administration result in a lower clinical pregnancy rate and implantation rate, albeit no differences in fertilization rate and chemical pregnancy rate were observed in the study groups. It appears that excessive stimulation may affect the survival of embryos at later stages after transfer. Interestingly, our results also show that the proportions of small follicles in the group with ≥18 follicles in the ovaries on the day of hCG administration are significantly higher than that in the group with <18 follicles in the ovaries on the day of hCG administration. To our knowledge, this is the first time to describe the findings of proportion of large, medium, and small follicles in human stimulated ovaries. It is generally believed that larger follicles may result in higher oocyte recovery rates (10, 11) and may yield more mature oocytes (12) . In bovine, it was shown that oocytes derived from smaller follicles had increased fertilization abnormalities as a result of incomplete synthesis of maternal RNA transcripts (13, 14) . In mice, Eppig et al. (15) noted that even though oocytes from small follicles may be competent of completing nuclear maturation, they can still be deficient in maternal factors implicated in cytoplasmic maturation and essential for development of embryos. This could partially explain the reduction of clinical pregnancy in the group with ≥18 follicles in the ovaries on the day of hCG administration. Further study is required to compare the development of oocytes derived from different size of follicles. The viability of oocytes obtained from small follicles might be improved by performing in vitro maturation and postponing fertilization.
The scheduled administration of hCG in ovarian stimulation schemes used in assisted reproduction has made possible to control the ovulatory phenomenon. In the present study, examination of oocyte recovery, fertilization, pregnancy, and implantation rates according to the length of stimulation indicates that delaying hCG administration until an acceptable cohort of oocyte reaches a predetermined follicular size is beneficial. The criterion used for timing hCG administration in our clinic permits such delaying. Furthermore, no cycle was cancelled during this study. The stimulation length in our study is greater than that reported in most previous studies. Although some oocytes retrieved were postmature, there were still a sufficient number of optimal mature oocytes. It is known that prolonged stimulation correlates with poor ovarian response (5, 16) . The stimulations were prolonged to obtain a greater number of large follicles by the time hCG was administered. In our study, patients who received 13-16 days of gonadotropin stimulation had comparable clinical pregnancy and implantation rates. This indicates that in those patients, the advantage of prolonged stimulation, and thus the greater number of available oocytes may outweigh the potential adverse effects on the endometrium and on the quality of oocytes and embryos. This study has demonstrated that hCG may be administered over a range of several days (10-16 days) with acceptable clinical results. This flexibility can be quite useful for efficient patient scheduling. This result is contrary to some of the recent reports (4, 16) . This could be possibly due to the differences in the criteria used for inducing final oocyte maturation. In our study, hCG was administered as soon as at least three follicles were ≥16 mm on ultrasound, while in most other studies, triggering of final oocyte maturation is performed in the presence of at least three follicles with a maximum diameter of ≥17 mm (17) (18) (19) (20) or ≥18 mm (21) .
In our results, we also found that 8-9 days of stimulation resulted in high chemical pregnant rate (66.7%, 2/3), but no clinical pregnancy. This observation, albeit limited by the small number of patients, is consistent with previous reports that oocytes may undergo nuclear maturation and successful fertilization, however, yet not have completed cytoplasmic maturation, as indicated by the inability to progress beyond the blastocyst stage (15, 22) . This shows that although the occurrence of polar body extrusion, fertilization, and transferrable embryos are possible, they are not useful as indicators of developmental potential or maturity.
In conclusion, our findings show that excessive ovarian stimulation can decrease the survival of embryos at later stages after transfer. Techniques that avoid excessive follicular recruitment, such as using insulin sensitizing agent to reduce the basal follicular count in polycystic ovary in insulin-resistant patients, oral contraceptive for a few months prior to cycle initiation, or better gonadotrophin dose adjustment will have to be evaluated. Prolongation of ovarian stimulation does not affect the rates of pregnancy and implantation in some patients. The broad range of stimulation time (10-16 days) will allow greater flexibility in the decision-making process for the timing of hCG administration in the ART cycles.
